The objective of this study is to assess the qualitative and quantitative characteristics of pine (Pinus sylvestris) and spruce (Picea abies) stands growing on lands that were previously in agricultural use in the Leningrad region. Sample areas of mature mixed pine-and-spruce prevailing stands were studied. The taxation has revealed that the average height and diameter of the stands under study are greater than those in mixed modal stands of these species on forest lands. The analysis of the results of the study was performed by dispersion, correlation and ranking methods. To determine the competitive relationship between species, the coefficients of skewness, and kurtosis were calculated. For coniferous stands growing on former arable lands, the distribution of diameter classes for pine and spruce differ depending on the prevalence of species. The predominance of one of the coniferous species in the stands leads to an aggravation of competition, which manifests itself in positive coefficients of asymmetry. The skewness indicators and the kurtosis of tree trunks distribution clearly demonstrate the strengthening and weakening of competitive relationships in the stand. Competitive relationships between species are more balanced in stand compositions that include more than half of spruce and about 40% of pine, which results in the largest volume of stemwood. A more powerful root zone of trees in the former arable soil allows mixed stands of spruce and pine to produce a larger volume of wood than in pure stands of pine and spruce for the investigated region.
Introduction
At present, the number of areas covered with tree vegetation on the lands formerly used in agricultural use is increasing. This trend is observed on most continents of the world, only the scale of what is happening is different. The reasons for this process have a social basis and are caused by a number of economic and political factors. In many European countries, the use of former agricultural land for the cultivation of cultivated stands of timber is an adopted land use practice. In Europe, there has been an increase in the forest area due to afforestation and forest expansion to abandoned agricultural lands since the 19th century. Secondary forest succession has played a significant role in changing the land cover in European mountains over the past few decades (McDonald et al., 2000) . Natural shoot reforestation on former agricultural lands reflects a decline in traditional agricultural practices that can be observed all over the world. In Western Europe, this often occurs on fallow pastures and in places with steep slopes, poor soils or underdeveloped road infrastructure (Hansen et al., 2010) .
In France, the process of reforestation is now mainly on the territory of agricultural land that is inconvenient for cultivation as well as on abandoned areas. For the last century the territory of forests in France has increased by 6 million hectares, despite the fact that during this time the volumes of forest extraction increased. The issue of abandoned agricultural land is of current interest in Mediterranean European countries, such as Spain, Portugal and Italy. Already in 1950, it was observed that the land ceased to be used for traditional farming purposes as meadows, and arable land converted into naturally grown forests. This was mainly due to the fact that the areas are hilly and difficult to engage in agricultural activities. In these countries, afforestation is one of the most acceptable ways to use abandoned land. In Switzerland over the past few decades, the natural growth of forests has replaced most of the agricultural land in the Swiss mountains (Graf et al., 2005) .
In Scandinavian countries, the use of postagrogenic land for the cultivation of forest plantations is an established practice.
In the countries of Eastern Europe over the past decades, the number of forest plantations on lands that were previously actively used in agriculture has increased. In the Czech Republic, the increase in the share of forests on former agricultural lands is associated with new land use changes and agricultural depressions in the 1990s (Macků, 2006) . Nowadays investigations are carried out on the effect of natural regeneration of tree species on postagrogenic lands on the soil (Holubík et al., 2014) , including the Polish Carpathians (Kozak, 2010) .
In Poland on the whole, the extent of afforestation on state lands will be 4500 -4600 hectares by 2020. Forecasts show that the average annual area of afforestation on private lands will not exceed 2500 hectares by 2020. In general, we can expect that in Poland for the period 2015 -2020 will be carried out reforestation of 20 thousand hectares of agricultural land.
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The abandonment of lands and the secondary succession of forests played a significant role in changing the soil and vegetation cover and increasing the forest cover in the foothills of many European countries over the past few decades (Bowena et al., 2007) .
In the Baltic countries, the process of using former agricultural lands for the cultivation of tree species also takes place. This is one of the most popular measures for the use of abandoned agricultural land In Lithuania, thanks to which they can be involved again in economic circulation. In Estonia, attempts are also made to use abandoned land for afforestation, and the possibility of using abandoned land in the field of bioenergy is being considered (Kukk et al., 2010) .
In Latvia, especially since 1990, the appearance of abandoned lands and natural growth of forests have become an integral part of the Latvian rural landscape (Ruskule et al., 2012) .
In North America, in Canada and the US, as well on agricultural land where, due to economic reasons, it is not profitable to grow agricultural products, plantations from various tree species are created to expedite the production of woody biomass (Bowena et al., 2007; Flinn & Vellend, 2005) .
The studies carried out show that in Canada due to efforts to afforest agricultural land, highly productive forests can be restored and it is recommended to use local coniferous species for afforestation as the first step towards the restoration of coniferous forests in the areas that have been converted for agriculture and subsequently abandoned (Shi, 2010) . In some regions of the USA, forests on former agricultural lands account for up to 80% of the current forest cover (Foster, 1992; Grashof-Bokdamand & Geertsema, 1998) .
In South America, the use of this category of land for forest growth can be noted in Mexico (Muñiz-Castro, Williams-Linera, & Benay, 2006). Natural regeneration is investigated in abandoned old fields after intensive use of agricultural land in the areas originally covered by the Brazilian Atlantic forests (Silvestrini et al., 2012) .
In Russia, this problem is also relevant at the present time. According to different estimates, from 40 to 50 million hectares of land have been derived from active agricultural production since 1991. More than a million hectares of postagrogenic land in many regions of the country were overgrown with tree and shrub vegetation. is particularly active in the European part of Russia. In the North-West region, according to different data in Pskov, Novgorod, and Leningrad regions, more than a third of the agricultural land has already been renewed by tree species (Lyury, Goryachkin, & Karavaeva, 2010 ). This trend is also observed in the Arkhangelsk region and Karelia (Sokolov, 1978; Golubeva, 2015) .
The study of the qualitative and quantitative characteristics of the stands of pine and spruce growing on former agricultural lands has not so many publications. A small number of works have been published on this issue in Western Europe. A number of works have been published in Belarus on the topic of growing pine and birch on sandy loamy soils, derived from agricultural use. In Russia, it is necessary to note the works of Lohov, 2011; Golubeva, 2015; Danilov, 2015, and others, in which the taxation characteristics of pine and spruce stands growing on old plow lands were considered. Particularly noteworthy are the studies on the accelerated cultivation of pine and spruce on postagrogenic lands in Pskov and Leningrad regions. In the works of Sennov (2003) and Alyatin (2006) , spruce forests that were renewed on the former arable lands of the Leningrad region are considered, which are characterized by increased productivity and have a stock of 300 -500 m 3 to the age of 80 -100 years.
Thus, the problem of pine and spruce stands growing on postagrogenic lands and their management is relevant for the science and practice of forestry.
Materials and Methods
The experimental sites are located in the northwestern part of the taiga-forest zone, which determines the dominance of sod-podzolic soils in the soil cover and is confined to the landscape area of the northern part of the Oredezhsky plateau on Devonian sandstones. We examined the areas of mixed coniferous pine and spruce stands that were renewed on former arable lands in the early forties of the last century and have reached the age of 70-80 in the Gatchina district of the Leningrad region (59°20'07.84"N 30°09'12.35"E / 59°20'17.8"N 30°09'20"E). The sample areas under study have similar thickness of stand (600 -650 trees per ha). Masses of stones along the edges of former arable fields point to the fact that the areas were previously used for agriculture, which is also confirmed by the cartographic data of the Russian Empire of the early twentieth century. This forest area is located within the elevated sand watershed of the Oredezh River.
Growth plots of 0.3 -0.5 hectares have been laid using portable GPSMAP 64 navigators, with boundary markers. Varying the sizes of the registration areas is connected with the necessary quantity of coniferous trees on a sample of at least 250 pieces.
STRUCTURE OF MATURE MIXED PINE-AND-SPRUCE STANDS ON POSTAGROGENIC LANDS IN LENINGRAD REGION, RUSSIA
The valuation of the stand has been carried out according to the methods generally accepted in silvicultural surveys. To determine the age, Pressling's incremental drill was used to take bore cores by the root neck of the trees according to the steps of the diameter classes. From each diameter class, two cores were taken to determine the average age. On each plot, at least 30 cores were taken. Cores were polished and processed on a scanning device with resolution 1200 dots per inch, allowing for high-resolution pictures. This was followed GIS-treatment to determine quantity of annual rings using Panorama 10 software. Soil profile cuts were made on each experimental site in order to determine the granulometric composition and the thickness of the soil horizons.
The obtained quantitative data of the biometric parameters of the stand were processed with the help of a package of applied computer programs. To determine the competitive interaction between species, asymmetry and excess coefficients were calculated. Statistical processing was carried out by means of the program Statistica 11. To determine normality of data distribution, Shapiro-Wilk's W-test was used. The results obtained were subjected to ANOVA, correlation and rank analyses.
Results and Discussion
Analysis of soil sections on experimental sites showed a clear relationship between the prevalence of pine or spruce depending on the underlying rock. The stand with a predominance of pine is confined to the postagrogenic soil underlain by sandy loam and spruce dendrocenosis grows on a postagrogenic soil that has preserved arable horizon of 20 -30 cm thickness with traces of podsolization, since a pronounced layer of forest soil with a thickness of up to 10 cm was formed on the top. For a pine stand, the arable horizon has a smaller thickness of 15 -20, and the process of podsolization is less pronounced on it -there are no obvious whitish stains. The soil horizon formed during the growth of the pine stand is 5 -7 cm thick.
The conditions for the growth of these stands correspond to I a quality class for coniferous stands of spruce and pine for the region of study as well as the age. The average reserves of quality class I stands growing on forest lands in the study area at this age make up from 396 to 417 m 3 for pure pine stands and from 411 to 457 m 3 for spruce. For modal mixed stands with a predominance of the pine stock is 260 m 3 , and for a larger share of the spruce, the reserve is 300 m 3 on forest lands in the most productive growing conditions. The data of forest stand valuation given in Table 1 show that the average height and diameter of pine and spruce stands exceed those of the modal pine and spruce stands and correspond to those of pure stands of these species. It is significant that the stocks of the examined stands are higher than those in the pure stands of pine and spruce. The largest reserve Table1 Taxation characteristics of pine and spruce stands on postagrogenic lands Research of the conifers on the 514 m 3 plantation on the plots under study is observed with a share of spruce being more than 55% in the stand and 38% of pine.
For coniferous stands growing on former arable land, the distribution series for class diameters for pine and spruce differ depending on the prevalence of this or that rock (Figs. 1 -3) . The distribution of trees by class diameters of the pine part of the stand varies with the increase in the composition of pine plantation from abnormal to normal distribution. For a stand where spruce dominates in the composition, the series of tree distribution by class diameters has a normal distribution schedule. As the share of spruce in the stand composition decreases, the distribution diagram acquires a left slope of curve. This can be explained by the greater participation of trees of smaller thicknesses that belong to the younger spruce generation and are 10 -20 years younger than the main maternal canopy. It is likely to be associated with the greater translucence of the pine canopy under which spruce grows successfully, whereas under the maternal canopy there is a competition for photosensitive resources.
In previous studies (Danilov & Ishuk, 2014) , the distribution of pine trees according to the diameter class in mixed coniferous stands that were not affected by logging is different from that in the stands of the same age on postagrogenic lands that we examined. On the forest lands, when the pine element is dominating in a mixed stand, we observed the left slope in the curve in the distribution diagrams and lesser representation of trees in the diameter class because of the loss of trees. The distribution diagrams of rows of spruce trunks in forest phytocenoses have a reverse difference from the examined stands. With an increase in the proportion of spruce in the stand composition, the distribution diagram shows the right slope of the curve, which is indicative of a fewer number of trees belonging to smaller thickness steps of trunks.
The skewness index of the distribution series along the thickness steps can be considered as a quantitative indicator of the development measure of the stand and the intensity of interspecies relations.
The distribution curves of trees by diameter show the degree of cenotic heterogeneity of a particular The analysis of the indices given in Table 2 allows us to conclude that, in principle, with negative skewness of the distribution series over the thickness steps, it is considered that competition in the studied stands is minimal only for the sample plot No. 2. The normal distribution series over the thickness steps of the stand during the growth and development of the plantation can pass into a distribution with a negative skewness in a number of cases. In one case -in the context of slight loss of trees from smaller steps and with a decrease in the growth rate of leader trees against the background of intensification of growth processes in trees of central thickness steps. In the other case -in the context of the loss of trees from the upper thickness steps and a uniform change in the increment in the lower and middle steps.
The formation of a positive skewness in the distribution curve is also possible as a result of the action of various biological processes as a result of the weakening of the stand from the effects of diseases and pests. In general, the decrease in skewness prevails when specific stands are approaching the border of physiological growth opportunities. Apparently, these processes take place in the experimental objects No. 1 and No. 2. The predominance of certain coniferous species in the stands leads to an aggravation of competition, which reflects the positive coefficients of skewness.
A great informative load is borne by the nature of the kurtosis of the variation curve of distribution of one or another taxation feature of the stand. The pronounced negative kurtosis of the stand distribution with a uniform age composition may indicate the effect on the tree cenosis of the disruptive selection, i.e. the trees of the lowest or largest steps of thickness predominate. With a strong positive kurtosis, it is possible to tighten the stabilizing selection in the stand, which can be observed on the sample plot No. 3, where this indicator is maximum for both species. If the tree cenosis is well adapted to these growth conditions, then the main effect of the competitive selection results in the loss of smaller or less stable and weakened trees.
In general, the indicators of skewness and kurtosis in the distribution series clearly show an increase or decrease and weakening of competitive interaction within the stand, i.e., the qualitative side.
Conclusions

1.
The research has shown that the formation of mixed coniferous stands on former old-arable lands has its specific features that differ from those of similar coniferous stands growing on forest soils that were not affected by economic impact. Highly productive stands growing on postagrogenic lands have the wood stock corresponding to that of natural 100 -120-year-old stands. 2. The structure of mixed coniferous stands on postagenogenic lands differs from that of stands on forest soils. The quantitative representation of trees along the plantation stages on such lands is different from forest stands. 3. Competitive relationships between species are more balanced in the stand composition consisting of more than half of the spruce and about 40% of the pine, which results in the largest volume of trunk wood as compared with the plots where the proportion of these species is of prevailing importance. 4. These stands on postagrogenic lands require the development of their own management guidelines. 
